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Abstract : This paper presents the results of an initiating event analysis as part of a
Level 1 probabilistic safety assessment (PSA) for at-power internal events for the
Korea Research Reactor (KRR). The PSA methodology is widely used to quantitatively
assess the safety of research reactors (RRs) in the domestic nuclear industry. Initiating

event frequencies are required to conduct a PSA, and they considerably affect the PSA
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results. Because there is no domestic database for domestic trip events, the safety of
RRs is usually assessed using foreign databases. In this paper, operating experience
data from the KRR for trip events were collected and analyzed in order to determine

the frequency of specific initiating events. These frequencies were calculated using two
approaches according to the event characteristics and data availability: (1) based on
KRR operating experience or (2) using generic data.
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Fig. 1. Master logic diagram for initiating event determination,

Table 1. List of Initiators Causing Reactor Trip7)

List of initiators

1. Loss of flow

(1) Loss of primary cooling system

(2) Loss of secondary cooling system

(3) Loss of reflector cooling system

(4) Failure of bypass flow control

(5) Pump stuck

(6) Channel flow blockage

(7) Loss of electric power

. Loss of coolant

(1) Loss of primary cooling water

(2) Loss of secondary cooling water

(3) Loss of reflector cooling water

(4) Beam tube ruptures

3. Reactivity accident

(1) start-up accident

(2) Control rod withdrawal

(3) Cold water Ingression

(4) Experiment material withdrawal

(5) D20 pipe rupture

(6) Failure of fuel loading

(7) Failure of reactivity control equipment

(8) Criticality during fuel loading

(9) Failure of control system

(10) Misbalance of control rod position

(11) Failure of reactivity equipment maintenace/repair

4. Natural phenomenon

(1) Seismic

(2) Fire

(3) Flood

. Other accidents

(1) Fuel handling accident

(2) Failure of cooling tower fan

(3) Failure of control computer

(4) Failure of operator working station

(5) Failure of air control equipment for 1&C

(6) Failure of ventilation system
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Table 2, List of initiating events

Initiating events
Loss of electric power: LOEP
Reactivity insertion accident: RIA
Loss of primary cooling system: LOPCS
Loss of secondary cooling system: LOSCS
Loss of coolant accident: LOCA
Beam tube LOCA
Single channel flow blockage: SCFB
General transient by manual trip: GTRN-MT
General transient by automatic trip: GTRN-AT
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Table 3. Initaing events grouping

Initiating events Number of occurrences
LOCA 0
Beam tube LOCA 0
SCFB 0
LOPCS 0
LOSCS 0
LOEP 15
RIA 13
GTRN-MT 11
GTRN-AT 45
Others 9
Sum 93
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Table 4. Operating and shutdown days by years’

Year Operation Accu.Imllated Shutdown  Accumulated
(day) operation (day) (day) shutdown (day)
1995 18 18.00 0.42 0.42
1996 150.36 168.36 249 2.90
1997 130.87 299.23 0.40 331
1998 157.75 456.98 0.25 3.55
1999 158.79 615.77 0.37 3.92
2000 168.39 784.16 0.20 4.12
2001 169.83 953.99 0.08 4.20
2002 209.12 1163.11 0.02 422
2003 217.42 1380.53 0.07 4.29
2004 183.65 1564.18 4.85 9.14
2005 110.35 1674.53 1.53 10.67
2006 139.92 1814.45 1.59 12.26
2007 144.93 1959.38 224 14.50
2008 107.3 2066.68 1.34 15.84
2009 135.77 2202.45 3.57 19.41
2010 214.04 2416.49 13.11 32.53
2011 190.89 2607.38 1.15 33.68
2012 189.35 2796.73 3.63 37.31
2013 177.12 2973.85 7.89 4520
2014 135.08 3108.93 2.53 4772
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Table 5. Failure rate formulas based on bayesian statistics”

Data Type Demand Based Time Based
s (failure on demand) (failure while operating)
Failure failure # + 0.5 failure # + 0.5
probability & py = A=
Failure rate ) total # of attempts+1 total run time
Prior Beta distribution with Gamma distribution with
djst[ibution apﬁO,:O.S and B prior:O-S a p,-im:O.S and Bpﬁm:O
being a Jeffreys Prior being a Jeffreys Prior
;‘ﬁ:ﬁgﬁm Binomial distribution Poisson distribution
Beta distribution with G distribution with
parameters @ pos™=Xt & prior p cters @ =X+ a
. and B pos=n-x+ 3 prior Where pos‘_ prior
Posterior x is failure count and n is and 3 o=t B i Where x
distribution s ount is failure count and t is total

number of demands. The
mean of the beta
distribution is a/[a+f3]

run time. The mean of the
gamma distribution is a/

™, Jeffreys non-informative prior+= Gamma 232 2] 73-9-
@i =0.5, Bprio=00]C.

7 27|70 WA AAES ol Fig 20
EFH v}e} Zo] US. Nuclear Regulatory Commission}
Idaho National Laboratory7} -ZZ7]det € 7]ute]
Reliability Calculator (Ver. 1.4.2.1)'0& Algs}gom,
B7F A v ek

RELIABILITY CALCULATOR WEB SITE
Version 142.1

Fig. 2. Reliability calculator developed by NRC and INL,
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o QIR AQAFUALLOEP) WA AT E F 1574015}
LOEP AW (/@)= Ab7] Table 52| Jeffreys non-
informative prioro]] th3h wo] )¢t X a]’E Eaf AAlo]
7Fs8}ch 2 H7lo| A Reliability Calculator'®S o]&-
sko] LOEP H1:=5 ALFSH S, Table 6°f LERH v}
o} Zro] LOEP 2% B2 1.92E+00/d, Q2}Q14}
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Table 6. LOEP frequency calculated by reliability calculator'®

Bayesian update results

Prior distribution: Jeffreys non-informative gamma (a=0.5, ($=0)
Number of failures: 15

Operating time: 8.06 (yr)

Posterior parameters: 15.50, 8.06
Sth percentile: 1.20E+00

50th percentile: 1.88E+00

Mean: 1.92E+00

95th percentile: 2.79E+00

Error factor (95th/50th): 1.5

Posterior variance: 2.39E-01

Posterior standard deviation: 4.88E-01

(EF)= 152 B7pE ot
- LOEP Hl%= 4 = (15+0.5)/8.06¢ = 1.92E+00/d
4.1.2 YFS EAIRIALT (RIA)

BAYA]7H1997-2014) 2 8.06W LA =
Sk & 13709 HISEARIAIRIAVE AT Ao=
golEdek RIA BERUHIE 32248 3 Reliability
Calculator'"E ©]-85}0] Jeffreys non-informative prioro]]
ot wlo]x|et A 2]9)E =33ttt Table 70 Uehd
v} Zro] RIA ¥HA¥HlE= H-8 1.67EH00/d, 2.2}<]
AHEF)E 152 H71E ek,

- RIA HI% H4 = (13+0.5)8.06d = 1.67E+00/d

Table 7. RIA Frequency calculated by reliability calculator™®

Bayesian update results

Prior distribution: Jeffreys non-informative gamma (a=0.5, (£=0)
Number of failures: 13
Operating time: 8.06 (yr)

Posterior parameters: 13.50, 8.06
Sth percentile: 1.00E+00

50th percentile: 1.63E+00

Mean: 1.67E+00

95th percentile: 2.49E+00

Error factor (95th/50th): 1.5

Posterior variance: 2.08E-01

Posterior standard deviation: 4.56E-01
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UFFTFEAR O A 2ol oJgh SFAATS E
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Calculator'?E 0] 8-3}0] Jeffreys non-informative prioro]]
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AR 1602 B7He 21eh”,

- GTRN-MT H1% = (1140.5)8.064 = 143E+00/d

Table 8, GTRN-MT Frequency Calculated by Reliability Calculator™

Bayesian update results

Prior distribution: Jeffreys nNon-informative gamma (a=0.5, £=0)
Number of failures: 11
Operating time: 8.06 (yr)

Posterior parameters: 11.50, 8.06
Sth percentile: 8.12E-01

50th percentile: 1.39E+00
Mean: 1.43E+00

95th percentile: 2.18E+00

Error factor (95th/50th): 1.6

Posterior variance: 1.77E-01

Posterior standard deviation: 4.21E-01

4.1.4 X2 XSH K0S 55 GTRN-AT

ARk AR oA &4 ol o3t EHAE A9
3lar X}Eﬂ A9 35S GTRN-AT= A A|7F 8.06
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A —,—]oH Reliability Calculator'”’E ©o]83}o] Jeffreys
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%Att. Table 9o LR we} Zro] GTRN-MT A4
T HHFL 565E+00/d, LAJAAHEF)E 1302 Hrt
i,

- GTRN-AT Y= = (45+0.5)8.061 = 5.65E+00/4

Table 9, GTRN-AT Frequency Calculated by Reliability Calculator™

Bayesian Update Results

Prior Distribution: Jeffreys Non-informative Gamma (2=0.5, $=0)
Number of Failures: 45
Operating Time: 8.06 (yr)
Posterior Parameters: 45.50, 8.06
Sth percentile: 4.34E+00

50th percentile: 5.60E+00

Mean: 5.65E+00

95th percentile: 7.09E+00

Error Factor (95th/50th): 1.3
Posterior Variance: 7.00E-01

Posterior Standard Deviation: 8.37E-01
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- LOPCS W= Hat = (0+0.5)/8.06%d = 6.20E-02/d

Table 10. LOPCS Frequency calculated by reliability Calculator®

Bayesian update results

Prior distribution: Jeffreys non-informative gamma (a=0.5, ($=0)

Number of failures: 0

Operating time: 8.06 (yr)

Posterior parameters: 0.50, 8.06

Sth percentile: 2.44E-04

50th percentile: 2.82E-02

Mean: 6.20E-02

95th percentile: 2.38E-01

Error factor (95th/50th): 8.4

Posterior variance: 7.70E-03

Posterior standard deviation: 8.77E-02

4.1.6 O|X}'HZt A SAA AL (LOSCS)

KRR & 4 lL} 8.061 F<t 01‘]'%17—1]'74]%%—/\2
AFI(LOPCS)e}  up7RR| & o AP Z}A| /A ARAL
(LOSCS)E HsHA] b2 ZAos :‘%@15]31‘4. LOSCS
HPBE = 2248 9)3) Reliability Calculator'? S o]-8-5}
o] Jeffreys non-informative prioro]] ot o] x|ot *]g]
9)2 =805}tk Table 110] LFER v}e} ZHo] LOPCS
HPPHEI T H O 620E-02/d, ©FOIAHEF)L 845 3
7FE| Qe

- LOSCS HIZ H4t = (0+0.5)/8.06 ¥ = 6.20E-02/H

Table 11, LOSCS Frequency Calculated by Reliability Calculator™

Bayesian Update Results

Prior Distribution: Jeffreys Non-informative Gamma (2=0.5, £=0)
Number of Failures: 0
Operating Time: 8.06 (yr)
Posterior Parameters: 0.50, 8.06
Sth percentile: 2.44E-04

50th percentile: 2.82E-02
Mean: 6.20E-02

95th percentile: 2.38E-01

Error Factor (95th/50th): 8.4
Posterior Variance: 7.70E-03

Posterior Standard Deviation: 8.77E-02

107



4.2 YiEl0|E0] 2748t Z7| A2l WSl BoL
KRR 0|2 2404 24 Zgo] gl

% AARYZAFAATLOCA), A 54
SSCFB) 2 B|QJFHItE W2 444 a1(Beam Tube
LOCA)®] 2714k Bl uiejo|8 g Agaheick

4.2.1 AX2HZITH AL LEIT

2 QpRe] UARWRRAAT SR
9] Q1= PSA IAZP whehilme} KRR A
ZHA1S &M H (Pressure Safety Valve: PSV)2] £
A3 A S FHAske] Blshe,

2 A el KRRIF A SHoA vl fARE
Q]2 = OPAL (Australian Replacement Research
Reactor) ¢1t&Volct. whaba] 1x@zhulgt shoyl e
£ OPAL 1712 PSA°JA ARE-SE 3.09E-04/d'E 2]
galoict

KRR QA2 golt Qapyzem Foto] ool
WU EPSV)7F A H o] glew, ol
et HAS s dsty] figtolth WlE AE HAAA=
1,000 kPaol, AApHZIAE 1 heigamne] 1y
Aok A2 AR A AALLOCA) 2 Z2 2
38 zefebA Hch 2 404 PSVe] BA A /)
Hho]l 93k LOCA ¥kt 7]& A2 PSAPPoA A}
83t glojele} FUT 3.88E-08/hr S 28513tk

whepA, B AR AARYZALLARLLOCA)
HIEE o3 o] 1AZh SehEel PSV
Wl o] gro s AL

T

LOCA R = (12hgZfuljt vile) + (PSV 7Y Hlk)
= (3.09E-04/%) + (2 x 3.88E-08/hr)
= 9.89E-04/9

AR YA NS A7) Aol o)
2} 9.89E-04/d 0 2 W7IE]Qlom, © 21 ZHEF)= 10.0
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4.2.2 CHUMLARLEMMALD

ol A I -5-SAHIAFI(SCFB) PRI == OPAL
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1 A3E Aesto] ofef Table 110 UERfGIc
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Table 12. Initiating events frequencies based on generic
database'®™

Database Frequency Error

(/yr) factor

OPAL Research reactor PSA +
LOCA PWR PSA 9.89E-04 10.0
SCFB OPAL Research reactor PSA 1.30E-05 10.0
BT-LOCA | Tehran research reactor PSA 6.85E-06 10.0
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Table 13. Initiating events frequencies for KRR PSA

Initiating event | Frequency (/yr) | Error factor Remarks
LOEP 1.92E+00 1.5 KRR experiences
RIA 1.67E+00 1.5 KRR experiences
LOPCS 6.20E-02 8.4 KRR experiences
LOSCS 6.20E-02 84 KRR experiences
LOCA 9.89E-04 10.0 OPAL + PWR

SCFB 1.30E-05 10.0 OPAL

BT-LOCA 6.85E-06 10.0 Tehran
GTRN-MT 1.43E+00 1.3 KRR experiences
GTRN-AT 5.65E+00 1.6 KRR experiences
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